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The entire world is facing a housing crisis since the collapse of the economic, and 
affordability of the conventional construction method house is becoming more expensive 
each day creating a housing backlog. This housing backlog can be resolved using, non-
conventional building technologies, which is also called alternative building technologies 
or innovative building technologies. 
However, the public are concerned over the use of non-conventional building 
technologies. The safety and durability of the technology is in doubt, even though houses 
built with non-conventional technologies are affordable, flexible, and environmentally 
friendly. The critical issue is that data on the long-term structural performance and 
assessment of non-conventional building technologies are not available to convince the 
public to invest in this technology. This research study is to investigate the non-
conventional building technologies housing sample built in 2008 at the National Home 
Builders Registration Council Eric Molobi Centre Soshanguwe. One sample of the 
buildings was chosen and the long-term structural performance was simulated by using 
ABAQUS software through Finite Element Analysis (FEA). The outcomes provide more 
information regarding the durability of the non-conventional building technologies. 
Alternative building technologies also known as green technology, are still having 
problems regarding the testing, because there is no a developed non-destructive test 
method available to conduct a test on the as-built houses. Therefore, a visual site 
investigation was carried out on site and all the latent and patent defects encountered 
were recorded. The Structural Insulated Panels was chosen as the sample amongst the 
building elements. it was modelled, analysed and run through the ABAQUS software to 
assess the long-term structural performance. 
The extent of deteriorations observed on each element of the sample building are as 
follows: 42% of panels, 28% of foundation, 16% of roof and 14% ceiling. Cracks are 
predominant on the panels; moisture content and leakages were found on the ceiling. The 
existing houses need a routine maintenance to achieve long-term structural performance. 
This research study reveals that stresses and displacements increase over the time. This 
study concludes that the long-term structural performance of the structural insulated 
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panels is satisfactory compared to the existing house on-site that shows no failure and 
there is no variation of stress over time, and the behaviour of the building element is linear 
and elastic.  
Keywords: Non-conventional building technologies, long-term structural performance, 
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Chapter 1   INTRODUCTION 
 
1.1  General 
There is a need around the world and particularly in South Africa to develop systems that 
are receptive to most people living in informal settlements, marked by insufficient housing 
units. Non-Conventional Building Technologies (NCBT’s) will motivate informal settlers 
and boost their housing status (Odhiambo et al., 2010). This remains a significant issue 
for the government of South Africa due to the high cost of construction materials and the 
substantial housing backlog.   
People living in low-income housing are frequently worried about the long-term structural 
performance of building systems, which has prompted companies to develop ideas for 
combining quality and durability while retaining affordability (Welles, 2019).  
In this project, Green Building (GB), Alternative Building Technologies (ABTs), Innovative 
Building Technologies (IBTs), also referred to as Non-Conventional Building 
Technologies (NCBT’s) are defined as building technologies for which the National 
Building Regulations (NBR) and Building Standards Act, Act 103 of 1977 do not apply. 
Such technologies  can provide a solution to the high cost of construction materials and 
overcome the problems of the substantial housing shortage facing South Africa (Turner, 
2012). 
Agrément South Africa (ASA) and the National Building Home Regulations Council 
(NBHRC) have the mandate to approval NCBT’s in South Africa before they are allowed 
to be used commercially. To meet approval requirements, manufacturers and/or 
innovators of NCBT’s must apply for testing and an assessment for ASA certification. The 
aspects assessed by ASA are: System structure and stability; in-fire behaviour; water 
propagation; thermal efficiency; lifespan and reliability required; likelihood of 
condensation developing inside the building; and acoustic efficiency.    
In general, the assessment and hence approval of NCBT’s are based on short-term test 
results, but there is a need for long-term performance assessments. A part from short-
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term test results, real estates developers and contractors may not adhere to the 
recommendations by ASA and regulation on the above-mentioned aspects during 
construction. The consequence being that non adherence may lead to high rates of 
deterioration and failure of buildings constructed with NCBT’s.    
The following researchers had previously performed extensive work related to this topic: 
• (Xue-hua et al., 2019) described the shearing behaviour of a structural insulated 
panel (SIP) wall, subjecting to monotonic and cyclic loads. The study revealed that 
the relationship between the displacement and the loading stage was linear. 
• (Mohamed et al., 2016) published an article where the finite element analysis was 
used to simulate and validate the flexural experiment of structural insulation panels 
in building construction. 
• (Yang, Li and Du, 2012) studied engineering and structural properties of a new 
type of structural insulated panel, the material properties were as follows: Bending, 
compression, tension and doubles shear tests were experimented due to the axial 
loads in the laboratory. 
 
1.2  Conceptualisation of Alternative Technology 
This concept was introduced by Peter Harper of the Wales Alternative Technology (AT) 
Centre in the 1970s and it is now widely used as a label to identify fairly benign 
technologies friendly to the environment (Lee et al., 2012).  
Some research papers and journals believe that, adding value to existing technology by 
improving the product, sometimes provides a cost advantage, and this would allow AT 
products to be more distributed and commercialised on the market (‘Policy Guidelines on 
the Use of Kwazulu-Natal Department of Human’, 2012). Other research papers and 
journals are of the view that by reducing the carbon-dioxide, AT constitutes in the 




While government-built houses that use conventional technologies which often provided 
better living conditions for residents, low-income housing developments still face a 
multitude of problems (Brendan et al., 2019). Consequently, there is the need to develop 
technologies which respond to most informal settlements. It should be noted that in 
developing countries the construction industry adopts new technologies fairly slowly and 
generally prefers traditional and well-known practices over creative construction methods 
(Schultz, 2011). However, it is widely accepted in the building industry that NCBT’s 
improve and enhance output of construction by providing more houses.   
The government of South Africa is among the few in the world that has a system for 
developing low-income housing. In 1994, the Reconstruction and Development Program 
(RDP) was initiated at state, provincial and local levels by providing low-income housing 
for impoverished South Africans (Pries et al., 1995). Therefore, there is a need for 
research on building technologies that the government could use to boost low-income 
household living standards.  
It is a well-accepted fact in government circles that the building sector is an important and 
crucial industry that can be used to improve living standards. However, its performance 
depends heavily on technical advancement and relentless motivating factors (‘Policy 
Guidelines on the Use of Kwazulu-Natal Department of Human’, 2012).  
 
1.3  Delimitation of Research 
There are logistic and time constraints to undertake a visual investigation throughout the 
whole country about the defects on existing non-conventional building technologies 
(NCBT’s). This research is also limited to Structural Insulated Panels (SIPs), and the 
defects presented in this study are based on the NHBRC site at Shoshanguve. There was 
no physical test done on the site. Finite Element Modelling (FEM) and ABAQUS software 
were used to assess the long-term structural performance through computer simulation. 





1.4  Purpose of the Research 
Each country in the world has established its own building regulations and standards 
where all the engineers, technicians, builders, contractors and investors must adhere to . 
In South Africa, the National Building Regulations (NBR) and Building Standards Act, Act 
103 of 1977 provides a set of practical requirements and guidelines for anyone who builds 
any form of structure. 
In 2015, a workshop was organised by the NHBRC on determining the relevance of the 
NBR and Building Standards Act, Act 103 of 1977 on NCBT’s in the building industry. 
Byron (NHBRC, 2013) affirmed that any type of existing or new NCBT’s must meet the 
long-term structural performance according to the NBR. This opens the way for the use 
of innovative building technologies to be considered as an alternative option compared to 
the conventional building technologies. 
South Africa Department of Statistics published in 2017 indicates that, 13.6% of SA 
households reside in Reconstruction and Development Programme (RDP) or state-
subsidized housing. Many citizens voiced alarm about it because of the condition of 
subsidised housing, and 10.2% said walls were faint or very faint, while 9.9% found their 
roofs to be poor or low (The latest household statistics and more | Statistics South Africa, 
2018). The results reveal that the quality and structural diagnostic of NCBT’s in South 
Africa needs to be researched on their long-term structural performance. 
NCBT’s can be used by the government to address the problem of housing backlog and 
informal settlements in South Africa. However, there is no data on long-term structural 
performance of buildings constructed of such technologies. This research project 
investigates long-term structural performance of buildings constructed with non-
conventional technologies by assessing structural defects of existing buildings and 






1.5  Brief Overview of Chapters 
In order to achieve all of the above goals and in-depth analysis, the strategy was 
developed for ensuring that successful and trustworthy routes are taken in this study. This 
research study is organised into 6 chapters and each chapter has a main subject. 
Chapter 1: Introduction 
This chapter gives an introduction, which clarifies general information about the non-
conventional building technologies as follows: conceptualisation of alternative 
technology, delimitation of research, aim and objectives. 
Chapter 2: Literature Review 
Chapter 2 addresses the literature previously undertaken, and the present literature 
review covers the following area: introduction, housing problems in South Africa, non-
conventional building technologies, advantages and disadvantage of non-conventional 
building technologies, structural performance of building, assessment and measurement 
methodologies of structural performance and conclusion. 
Chapter 3: Methodology and Experimental 
This chapter identifies how the long-term structural performance of non-conventional 
building technologies can be assessed and validated; the process described in this 
chapter uses the ABAQUS software to simulate Structural Insulated Panels through Finite 
Element Analysis. 
Chapter 4: Analysis and Findings 
This chapter lists and defines the material properties of the structural insulated panel by 
elaborating the different steps to be applied, analysis, generates the model and provides 
the outcomes of the research study. The findings are based on the stresses and 





Chapter 5: Conclusions and Recommendations 
This chapter concludes the research study and offers respective options for further 
research related to the topic. 
Chapter 6: References 
This chapter includes the reference used in this research study, as previous research on 




Chapter 2  LITERATURE REVIEW 
 
2.1  Introduction 
Non-Conventional Building Technologies (NCBT’s) can be used by the government to 
address the problem of housing backlog and informal settlements in South Africa. 
However, there is no data on long-term structural performance of buildings constructed 
of such technologies. This research project investigates long-term structural performance 
of buildings constructed of NCBT’s by assessing structural defects of existing buildings 
and validating the results through computer simulation.    
This section is the literature review and it covers the research work undertaken, by others 
on long-term structural performance of building constructing of NCBT’s published in 
pertinent documentation including magazines, journals, articles, and research databases. 
It covers literature on housing problem in South Africa (SA), long-term structural 
performance of NCBT’s,  
 
2.2  Housing Problems in South Africa 
2.2.1  Informal Settlement 
Informal settlements, as shown in a photo 1, have been part of South Africa’s (SA) 
landscape as far back as the late 1800s (Smith, 2004), and have many sources of the 
definition from different authors. Moreover, Rensburg et al., (2001) asserts that 
Thousands of informal settlements have expanded rapidly in the cities since 1990 (van 







Photo 1: Part of Soweto Township in South Africa, one of the biggest Informal Settlements 
in the country (Alhassan, 2013). 
Informal settlements are residential areas, which are mostly built illegally on public 
property. Such settlements are located in a number of areas in SA, and  they are home 
to a significant percentage of the country's impoverished population (Chikoto, 2009). 
Marie, (2009) emphasizes that informal settlements are poor settlements arising from 
illegal land use, generally with non-adherence construction laws, which occupy illegally 
on publicly contested spaces in SA cities (Huchzermeyer, 2009). 
According to UN-Habitat (2008), informal settlements are classified into two. The ones 
that can be operated and enhanced, and those which cannot be modified in-situ either 
because of their location within strategic sectors or because of their highly developed 
decrepitude (United, Human and Programme, 2008).  
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Marie et al., (2015) defines informal settlements as households where residents have no 
protection vis-à - vis the property as well as living spaces in which they live. Furthermore, 
informal settlements might be a source of house price inflation for all rates of income of 
urban residents, affluent and poor (Marie, 2015). 
Philip, (1992) explains that, the characteristics of informal settlements within South Africa 
differ widely. Hence it is useful to explain the terminology at this point. Informal housing 
can be very loosely described as "shelter constructed outside of the formal housing 
delivery mechanisms p.14". Governments’ answer towards informal settlement have 
often varied over time and were determined by wider political priorities (Harrison, 1992). 
Moreover, throughout this century, informal settlement has emerged in various ways and 
is actively changing to an unimaginable level (Harrison, 1992). Philip, (1992) describes 
the historical analysis of informal settlement in SA as follows: 
• Pre-1923: Earlier start of urbanisation and the Campaign for Public Health 
• 1923-1939: Indigenous Community Areas Act (control of influxes and racial 
segregation) 
• 1939-1948: Rapid urbanisation and informal settlement proliferation 
• 1948-1967: Apartheid, collective accommodation and the demolition of informal 
settlements  
• 1967-1979: Urban freeze and informal settlement re-emerge 
• 1979-1985: Housing self-help and a progressive recognition of black urbanisation 
• 1986-1990: Ordinary urban development strategy 
• Post 1990: Democratization and Restoration in the Metropolitan 
According to Philip (1992), informal settlement refers to the poor community, while living 
under such settlements with a lack of basic facilities is sometimes rough and citizens may 
stay in such settlements for lack of any other alternative. Muzondi (2014), argues that 
informal settlements are inherently breeding grounds of deprivation, as most inhabitants 
are not working. Maintaining sustainable urban planning inevitably becomes a problem 
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when informal settlements occur. Informal settlements have increasing rates of 
deprivation and social problems such as unemployment, violence, inadequate service 
delivery, and health. (Muzondi, 2014) ends by saying that informal settlements cannot 
access public services and that people are living in squalid conditions. 
 
2.2.2  South Africa Housing Backlog Problem 
South Africa (SA) is infested with major socio-economic inequalities which causes a deep 
cultural and social disadvantage for most members of the population. But one area where 
this difference has been most evident is housing (Bailey, 2017). 
Housing is a hotly debated problem in the country. Under apartheid, rigid social 
engineering meant black people were disadvantaged. Towns were segregated by race, 
and the black race had to live far away from cities or business centers and without 
government infrastructure (Osman, 2019). Nelson Mandela and the African National 
Congress (ANC) secured the first multiracial democratic election in the history of SA on 
27 April 1994, formally putting an end to 46 years of apartheid (Fogel, 2019).  
Despite the end of apartheid, much of the land is still reserved for the White elite because 
of the ANC’s strong opposition to large-scale land transactions (Fogel, 2019). The ANC 
's party had proudly proclaimed in 1955, “All people shall have the right to live where they 
choose, be decently housed, and to bring up their families in comfort and security p.1” 
(The Housing Clause in the South African Bill of Rights: The Continuing Struggle | Facing 
History and Ourselves, 2020). The movement had initially pledged better living conditions 
and education as well as other facilities for unserved and disadvantaged black people, 
but instead, when voted into power, party members adopted policies to attract and sustain 
foreign investment in response to a significant decrease in business investment and 
funding from major foreign governments over the years of apartheid (Fogel, 2019).  
In SA the shortage of affordable housing is a well-documented issue. The housing 
backlog in 2018 was 2.3 million houses and is rising by about 178 000 houses a year. 
However, neither state nor even the organized private sector, seems capable of bridging 
this gap (Hartmann, 2018). While many in SA have access to government low-cost 
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accommodation, serious housing shortages keep taking spotlight amongst the country's 
poor and needy (Manomano et al., 2016). The Housing Department has made substantial 
strides since 1994 in the housing development by constructing more than 2.6 million 
dwellings for 14 million low income households since 1994 (Over 2.6mil houses built since 
1994 | SAnews, 2009). 
SA Department of Statistics recently published the 2017 General Household Survey 
Report addressing all of these and other issues facing communities. (The latest 
household statistics and more | Statistics South Africa, 2018). 
Given SA 's history, which led to a considerably slanted sequence of availability to scarcity 
of resources for a rich and powerful minority race, the problem of land and shelter access 
is central and emotional (Barry et al., 2007). Most informal settlements in SA are linked 
to the Apartheid period, when government actions actively separated citizens from 
accommodation, education and work opportunities based on race (Chikoto, 2009). 
The housing problem in SA may be similar to any country around the world. The problem 
is characterized by many sources as: economic, political and corruption. The lack of 
employment generates the lack of resource where people cannot afford a decent house. 
 
2.3  Non-Conventional Building Technologies 
The word technology, composed of the Greek technē, "art, craft," with logos, "name, 
voice," implied the proper and applicable arts reasoned debate in Greece (Buchanan, 
2020). Technology was characterized at the middle of this century by terms such as the 
means or action by which man seeks to alter or exploit his environment. 
Technology also means objects generated from engineering and science (Mózo, 2017). 
Additionally, Peter Harper’s studies reveal the interrupted behavioural biochemistry 
during the late 1960s concerning the environmental (Team, 2009) to keep the research 
development on the green technology, the Academy of Science of South Africa (The 
Academy of Science of South Africa, 2014) describes environmentally sustainable 
technologies as terms such as  'environmental technology,' 'clean technology,' 'cleantech' 
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or 'low-carbon technology' are used, even though low-carbon technologies are regarded 
as green technology sub-set. Other terms which are less frequently used include climate-
smart as well as climate-friendly technologies. 
Iravani et al., (2015) describe green technologies as the process of innovating in such a 
way that the technology created is environmentally friendly to fulfil society's needs 
Holmes, (2015) worked out the idea of green building by highlighting the benefits in term 
of energy, water, building materials and reducing the negative impacts on human health 
and the climate (Holmes, 2015; Iravani et al., 2017).  
NCBT’s refers to technologies that are considered friendly to the environment, conserves 
or renews natural resources, encourage recycling, use renewable resources (Mózo, 
2017) deliver proactive methods in the application of architecture in environmentally 
sound and resource intensive structures, houses and commercial spaces (Tecnicas, 
1999; Facts Factory, 2019; 365propertybuyer, 2020). 
Hhosrow et al., (2018) expound that NCBT’s contribute to improving the building sector 
and help build more housing, especially for low-income households. Therefore it is 
essential to analyse all materials available, locally, that can be applied for building 
projects (Ghavami et al., 1999). 
Llewellyn and Bryon (2015) underline that use of NCBT’s or any deviation from 
conventional construction methods are not indicated in the SANS 10400 (South African 
Bureau of Standards, 1990)  and the use of building techniques other than on-site mixing 
and erection (Creamer, 2012; Llewellyn van Wyk, 2015). According to Ramraj, (2012) 
NCBT’s are environmental friendly methods of building, which provide innovative 
solutions in the smart building (Motumi, 2012).  
 
2.4  Advantages and Disadvantages of Non-Conventional Building 
Technologies 
Notwithstanding its advantages and disadvantages, the introduction of NCBT’s has been 
used to address the worldwide housing crisis. Waleed et al., (2015) highlight some 




2.4.1  Advantages 
NCBT’s can provide a project with many advantages. (Justin, 2013) identifies the 
following advantages (Haselau, 2013):  
• It is a solid structure (normally), if properly built lasts a long time than huts and 
timber structures. 
• It is much more protection than shacks. 
• Secure design, and more stable.  
(Sohail et al., 2016) also identified the following advantages: 
• Less need for construction site facilities and equipment, 
• Comfortable work climate when manufacturing construction materials off-site, 
• The use of State capital accounts, special purpose accounts or assets, 
• Less production mistakes and higher efficient product manufacturing, 
• Facilitating quality control at factory, 
• Less trash on building worksite, and less emissions to the atmosphere.  
(Anastasios, 2020) and (Koutsogiannis, 2018) list ten advantages of sustainability as 
follows: 
• Reduced risk 
• Stepped up performance 
• Safety strengthened 
• Mitigating pollution 
• Operational improvements of substances 
• Public Health 
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• Loud sound resistance 
• Good life 
• The conception of a new sector 
• Observational space 
Non-Conventional Building Technologies (NCBT’s) has a lot of benefits in SA. Under this 
context, the NHBRC and the National Housing Finance Corporation launched the first 
housing innovation competition in 2005 to bring creative residential concepts (Creamer, 
2012).  
Odhiambo (2012) states that NCBTs achieve great cost of living and fast profitability 
relative to traditional building systems (Creamer, 2012). This agrees and suggests that 
continued policy funding represents their considerable concern for future sustainability.  
Xundu (2012) asserts, that the major obstacle to large-scale roll out of NCBT’s is the 
failure of innovative technology providers to develop at grand scale, an inadequate 
knowledge about the requisite accreditation and end-user awareness. Creamer (2012) 
continues that perhaps the business is being able to work outside program issues in the 
low-cost housing environment, be open about product advantages as well as 
shortcomings, and ensure the quality of capability to promote positive user experience 
(Creamer, 2012). 
Blanche (2012) recognizes that the country has implemented relevant measures to boost 
its application of the of NCBT’s to accelerate housing supply and this has led to the growth 
of NCBT’s through the recent drafting of a specification that provides for lowest cooling 
levels in new developments (Creamer, 2012).  
Byron (2012), points out that a big misconception in the sector is that emerging 
technologies often require new or developed products not commonly used in construction. 
Although construction developments have proven attractive to the general housing 
market as a result, of a movement towards a more sustainable, energy-efficient lifestyle, 
its capacity for wide-scale implementation throughout the low-cost or subsidized 
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household sector is the primary driver motivating investment by the government and the 
banking industry (Byron, 2012). 
The National Department of Human Settlements (NDHS) reports that although engaged 
in implementing policies covering of NCBT’s. The government maintains it’s not in a 
position to promote particular alternative materials or technologies (Creamer, 2012). 
The UK Code for Sustainable Homes list benefits of green buildings as follows  (the Code 
for Sustainable, 2019): 
• Green Allowances. 
• Cutting pollution. 
• Water Conservation. 
• Reduced flooding. 
• Reduced costs. 
• Financial rewards. 
• Limited overdue accounts. 
• Boost in probability of selling or letting the land. 
• Collectivist-profit. 
• Enhancement of the health of the tenant. 
• Natural conserved climate. 
• Improved chances to relax or workout. 
 
2.4.2  Disadvantages 
Justin, (2013) listed disadvantages of NCBT’s as follows: 
• The method basically takes some time to install, 
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• Deteriorating walls ongoing construction. 
• Typically, bad / low / cheap price finishes. 
(Sohail Alonso et al., 2016) also highlighted the following disadvantages 
• Scale and site facilities requirements for managing components of new alternative 
construction technologies, 
• Health threats as construction site components are installed on non-conventional 
building materials, 
• Lower prices for building goods, 
• Initial expense of building a production facility for formulated hypothesis, 
• Suggestions which take time, 
• Conformity and regulatory compliance at touch joints, 
• Various conveying materials: from plant to building site. 
The human settlements department, briefed leaders on creative housing technologies. 
Beneficiaries hadn't embraced these well. Citizens felt such structures were inferior to 
other structures supported by the government. Beneficiaries appeared to think they had 
been devalued by the state and offered an inferior commodity. Even structural damage 
issues were caused by heavy rainfall (Dambuza, 2011). 
Van Wyk, (2015) lists below ten disadvantages that affect the non-conventional building 
technologies (Llewellyn van Wyk, 2015) in SA as follows: 
• Unassimilated distribution network 
• Small results standards 
• Impoverished bases of understanding 
• Insufficient building checks 
• Insufficient build guarantees including inspection of facilities 
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• Difficult sustainable acquisition 
• Challenges for community, climate along with the economy 
• Poor accounting framework built for performance 
• Bad cleverness, strategy or creativity 
• Weak operating expenses 
Van Wyk, (2015)  statement confirms according to the Association of South African 
Quantity Surveyors (ASAQS), there are also some reasonable suggestions how 
innovative construction techniques are also not possible mostly on SA market, ASAQS 
reveals that unconventional construction methods often come with a secret starting price 
that can influence performance of completion (Riante, 2017). Veteran ASAQS president, 
Bert van den Heever, explains that attempting to just save funds on walling that used 
alternate solution construction techniques is perhaps a pointless effort as walling probably 
came in at much less than 10 per cent of total cost of the project. People defend on the 
walls unless those who sound empty clients understand this same housing development 
quickly although not decent or safeguard (Riante, 2017). 
Disadvantages of green building are summarised as follows in the UK Code on 
Sustainable Houses, (the Code for Sustainable, 2019): 
• Price original. 
• Financing difficult to get it for financial institutions project activities. 
• Placement component. 
• Components availability 
• Weather forecast. 
• Consequences of use of certain recyclable materials mostly on-air quality. 
Non-conventional building technologies can be defined as a green building that is 
designed to reduce the energy consumption and material, be affordable, and 




2.5  Structural Performance of Building  
The evaluation procedure must be realistic at all times to ensure the overall structural 
performance in its "as designed" or installed state for the purposes of the product or 
program. The structural performance of Non-Conventional Building Technologies 
(NCBT’s) is assessed by Agrément South Africa (ASA), which determines the 
appropriateness of a material by specifying how such performance is to be achieved 
(South, 1976).  
Elements of the idea of structural performance are (South, 1976): 
• Development through specialists of performance standards applicable to the 
property and the use of the product in all related technological and scientific 
disciplines 
• Classification of relevant assessment techniques or evaluation techniques that can 
be applicable to output assessment 
• Method of measuring of the real value of the service according to the methods laid 
down 
• Conviction of reasonableness in the context of product results assessed or 
evaluated against the performance standards that are relevant. 
Encouraging social housing development will require a range of construction practices 
and or technologies that are not exactly the same as traditional housing, among others, 
time requirements and cost limitations (which are mainly linked to the use of partially or 
fully prefabricated structural systems), durability and environmental sustainability, which 
affects both the manufacturing process, the assembly procedures and the maintenance 
phase over the entire building lifetime and occupant comfort (Domenico et al., 2015). 
A design of every housing complex as well as the consequent security of all its consumers 
or friends, and relatives depends on the conceptual performance of individual areas of 
the project, and also on their combined impact total package harsh environments, and in 
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service. For example, the building and its occupants' safety depends on the long-term 
performance of the many joints, prestressed concrete pillars or metal structures. Analysis 
of the behaviour and stability of these innovative constructions under different conditions 
is thus becoming increasingly important (Franck, 2004). 
A building must satisfy a set of quality specifications during its life cycle , for example, 
protection, moisture resistance, substrate quality, lighting quality, longevity, amongst 
many others (Silva et al., 2016). Non-Conventional Building Technologies (NCBT’s) must 
have the ability of changing over time, for example, change Enhancing as well as full 
replacement in its inhabitants, their needs and aspirations.  
The longevity and efficiency of the experimental building technology depends on the 
house's long-term structural results. This can be compromised if the house is exposed 
and started to encounter some damages as follow: 
• Surface degradation defects 
• Joint defects 
• Bond failure to substratum  
• Integrity deficit 
• Cracking 
• Failure of sticking or cohesion 
• Staining/colour change 
• Chalking 
Simulation of building efficiency is the effective tool that can be applied for predicting and 
assessing the long-term structural performance of non-conventional building 
technologies, and there are no non-destructive tests available. This method will contribute 
to saving costs and time.  
According to (Kusuda, 1999) The current simulation method can need additional refining 
in many ways as follows: 
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• Further thorough and micro-scale research about the managing of issues with the 
quick time domain or physical data, 
• Enhancement of realistic long-term structural performance generation modelling 
into global community-wide simulation,  
• Coupling improvements between various simulation models affecting thermal, 
mechanical, acoustic, lighting, structural, material, economic, legal, biological, and 
social systems. It is known that there are many current services that tackle these 
issues already, but it's not clear how comprehensive they are. No idea is how the 
connection between thermal computation and acoustic simulation can be made. 
• Advanced implementation of modern software engineering technologies in the 
background of the software as well as hardware, or use of advanced information 
technology consider the Internet to create simulation issues. This include machine 
time shortening by efficient programming, parallel processing, discretization of 
measured data through transfer functions, use of artificial intelligence techniques 
or neural network technologies, use of CAD / CAE and/or the Internet, etc. 
The structural performance of buildings can be classified as the first criteria for the 
building to evaluate the durability of the building, normally involves the physical, 
mechanical, and engineering properties of the material according to the design standard 
or national building regulations. 
 
2.6  Assessment and Measurement Methodologies of Structural 
Performance. 
2.6.1  Method of Measuring Structural Performance 
Christopher, (2010) defines the word "performance," because it corresponds to organic 
natural hazard, generally describes the condition of a building following a disaster. For 
example, this indicates an anticipated amount of destruction or a loading which can be 
endured, appropriate output indicates reasonable (or endurable) huge amounts of 
damage or condition enabling continuous power of the facility (Arnold, 2010). 
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The life time of the structure is necessary and can be added by assessing the system 
structural efficiency at each stage of its life cycle. Moreover, the efficiency criteria defines 
the building's necessary characteristics throughout the terms of the purpose that the 
construction will perform (Somes, 1972). Features are understood in terms of requirement 
specification with protection, endorse besides activities, appropriate servicing costs, lack 
of stress and worry (convenience) and graphic social acceptance. However, the structural 
performance can be defined within broad categories of limits for strength, stiffness and 
rigidity, and resistance to local damage (Somes, 1972). (Bayraktar et al., 2015) state that 
to determine building structural performance, specific properties such as structural 
structures, requirements, materials (concrete and reinforced steel properties) and ground 
properties must be perceived in detail. 
These different properties can be related to the required performance which is entirely 
independent of any particular design concept and material application. Because of this 
independence from specific hardware solutions, the criteria covers some facets of 
structural integrity which are not discussed within present building Standards and Norms 
(Somes, 1972). (Mueller et al., 2015), define the performance Throughout the theoretical 
construction of structures and bridges, engineers should identify as a broad range of 
objectives, including objective, observable objectives such as structural capacity, price, 
even environmental impact. 
Structural performance can be applied to define how the structure should be in a position 
to withstand safely against the internal and external loading during its utilisation and life 
span with sufficient reserve of strength and stability. 
(Akiyama et al., 2000), state that the levels of output are represented through variations 
of strength of loading and/or outside pressure and limitation condition. The standard 
method expresses the state where each subject of assessment must also be, in spite of 
each specific structural efficiency. Performance checks should be carried out to test if the 
answers are met at the limit values as per the concept of reliability checks.  
According to Felix et al., (1976), the successful application of performance criteria 
depends on the feasibility of determining compliance with the criteria. This determination 
22 
 
is made by a performance evaluation which is carried out using one but a combination of 
multiple approaches (Somes, 1972): 
• Analysis; 
• Professional judgement; 
• Physical simulation. 
Furthermore, the conceptual evaluation plan can also be classified into two parts: 
structural performance in the Serviceability Limit State (SLS) and Ultimate Limit State 
(ULS) (Yusof, 2014). Akiyama et al., (2000) elaborate Performance assessment products 
as a combination of five assessment elements, which are structural structures, building 
materials, machinery , furniture and land, and three basic structural performances, which 
are protection, reusability and reliability, approved under regulation and chosen at the 
same time by the owner and construction engineer (Akiyama et al., 2000), this is 




Flowchart 1: Structural performance evaluation system (Akiyama et al., 2000) 
Smith et al., (2001) Analysis, evaluation and simulation of sandwich construction bending 
efficiency using the commercial finite element approach called ABAQUS with thin cellular 
metal cores. This is a system map that produces and characterizes the predominant 
failure phenomena based on the criteria of loading rate for face yield, core shear and 
ligature (Bart-Smith et al., 2001). However, (Burlayenko et al., 2009) et al., (2009) have 
also shown the greatest common in-service problems that are debonding between facial 
(skins) and core sheets interfaces (Burlayenko et al., 2009). Predict the impact of 
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polymeric foam on ordinary frequencies and shear and bending characteristics of 
hexagonal honeycomb core sandwich plates. The study of hollow and foam-filled 
sandwich plates with composite material is enabled using the finite element code 
ABAQUS, which is available commercially.    
In addition, (Sæther et al., 2016) put forward the usage of the DIANA finite element 
software to model reinforced concrete members' actions with corroding steel bars. The 
research shows that the finite element approach is known to be a reliable tool for 
measuring longitudinal cracking and reduction of bond strength that lead to complex strain 
and stress distributions and extremely nonlinear, path-dependent behaviour. Simple 
section analysis, as used in the identification of effective concrete structures, is therefore 
of limited use for evaluating durability or the ultimate potential of concrete structures that 
have been badly degraded.  
 
2.6.2  Site Investigation 
Site investigation require a process in which appropriate professionals analyse the current 
building condition, conduct the required tests, assess the data obtained, make 
professional recommendations and forecast the building's future performance. The 
method uses a number of methods, from visual inspection to advanced machines. 
(Arya and Agarwal, 2007) describe the site investigation briefly as an operation in order, 
to carry out the building condition evaluation in advance of work on repairs and 
improvements. This prescribes whether or not a tributary building needs to be 
demolished, in order to build better or whether repair or upgrading is cost-effective in the 
sense of overall protection.  
In addition, (Cardani et al., 2014) define a site investigation as an experimental study 
aimed at determining the damage status of existing structures and non-destroying test 
methods with a monitoring system implemented to determine the current performance of 
the structure. The state of the damage structure during service is appeared automatically 
and reported during the site investigation. 
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(Binda and Saisi, 2009) affirm that many investigative proceedings, several of which 
originate from academic fields other than civil engineering have been applied over the 
last decades. However, of non-destructive, though advanced, techniques that are a 
composite and highly non homogeneous material can frustrate, due to the difficulties of 
interpreting the data obtained. Non-destructive techniques and destructive testing should 
be restricted to minor sampling. 
 
2.6.3  Computer Simulation 
System simulation is the method of computer modelling as seen in flowchart 2, performed 
on a system to predict a physical or real-world system's action or outcome. Computer 
analysis carried out by running computer software that can be either small, running almost 
instantly on small computers, or large-scale programs running on network-based 
computer groups for hours or days (Wikipedia, 2020). Arbor et al., (2001) highlight that 
computer simulation is a powerful tool that can be applied for simulation techniques and 
research.  
 
Flowchart 2: Computer model development process and the interplay between 
experiment, simulation, and theory (Wikipedia, 2020).  
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Pace, (2004) compounds that modelling and real-life simulation plays an increasingly 
important role. They contribute to our understanding of how things work and are essential 
for designing, evaluating, and operating new products and systems effectively and 
efficiently. The effects of modelling and simulation, provide vital knowledge for decisions 
and behaviour in many business and government spheres (Pace, 2004). 
Sustainable building computation for construction and optimization started with an 
overview to the performance measures and targets concepts, paper concludes with a 
discussion mostly on role of building model in performance-based building design and 
implementation (Hensen et al., 2011).  
Hensen and Lamberts (2011) argue that simulation of building performance can decrease 
the harmful environmental impact, improve indoor quality and improve productivity and 
facilitate future development and creativity advances in construction. However, Felix et 
al., (1972) emphasise that the physical emulation is a test technique designed to simulate 
the actual structure's reaction to different charging conditions. Because the structure must 
meet the performance requirements at any point during its service life, physical simulation 
must be understood in order bearing in mind the effects of structural degradation over 
time (Somes, 1972). 
According to (Hong et al., 2018), The simulation of building efficiency has progressively 
been used as a method for planning, running and refitting buildings to save energy and 
maintenance costs. Nevertheless, opportunities remain for academics, software 
developers, professionals and politicians to optimize the potential simulation of built-up 
results in designing and running low-energy buildings and communities that exploit 
multidisciplinary approach to large-scale integration of people, infrastructure, and the 
power grid. 
In addition, (Musau et al., 2019) assert the machine building simulation is becoming more 
popular but the requisite background information has always been considerable. With 
building simulation systems becoming more popular with built environment practitioners, 
and UK building legislation now requiring simulation for certain building forms, simulation 
adoption is likely to increase. However, there is some discussion surrounding the 
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simulation accuracy programs, both in terms and conditions creation and output of the 
model. 
Furthermore, (Djunaedy et al., 2006) understand complex relationships through 
theoretical problems, between the physical state of a building and the complexities of 
computation. The result of the dynamic interaction can be seen in Figure 1. Exciting 
prospect of sub-systems within a construction context draws its theories from the different 
disciplines, mainly mechanics, maths, study of materials, biophysics, human behaviour, 
environmental, and user's computer. 
 
Figure 1: Exciting prospect of sub-systems within a construction context (Djunaedy et al., 
2006). 
According to (Yin et al., 2018) engineering, modelling and simulation technologies refer 
to two different kinds of processes: physical mechanisms whereby performance is 
governed by the laws of physics and process-based systems where output is governed 
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by person, community and organizational behaviour, although simulation mechanisms 
relate to physical systems simulation in which movement, degree of freedom (DOFs), 
speeds and component stresses.  
The research is focused on the request of simulation in structural engineering to assess 
the long-term performance of buildings. Therefore, publications on computer simulation 
techniques have been identified as follows: 
(Yeo et al., 1997) developed the study for accurate thermal analysis of the various panels 
with radiant floor heating prefabricated by developing and computerising analysing heat 
transfer program. The research assists the designer in finding the optimum parameter 
values in the beginning of the design phase, sensitivity analyses using computer 
modelling to see how the panel performs across different planning and implementation 
variables. 
(Arbor et al., 2001) discussed most exclusive of computer simulation / visualisation the 
architectural lighting methods analysis physically based. In addition, Tardieu et al., (2011) 
conducted a study to anticipate the thermal energy accomplishment by using 
(EnergyPlus) software through a computer simulation process.  
Musau et al., (2019) analysed and examined the comparison of the More definitely, the 
EDSL TAS V. 9.4.1, IES VE 2018 and ArchiCAD 22 EcoDesigner STAR systems an 
architect will use for simulation adoption, to model a dwelling in Scotland with an extensive 
physical building performance evaluation data.  
(Balounová et al., 2015) presented the research conducted on the tower of the Holy Heart 
Church in Prague, Czech Republic. Building Performance Simulation (BPS) was used to 
assess the energy performance of the building and its indoor environmental quality, 
replacing the time-consuming real-time monitoring. However, Balounová et al., (2015) 
remember that using the DesignBuilder GUI program and the ENERGY+ calculation 
centre, the simulation methods did not fully replace long-term structure monitoring. To 
investigate this influence, it may be interesting to repeat the simulation with weather data 
files for a typical hot and cold year. Nonetheless, in this case the simulation approach 
suffices to check the long-term transition effect hypothesis. For this purpose, the 
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simulation approach may be a tool of great importance in other cases where a long-term 
monitoring of a system cannot be carried out (Balounová et al., 2015). 
 
2.6.4  Validation of Computer Simulation  
(Latuszynska, 2017) says the most important questions that the computer simulation 
faces are to check, because there is always a doubt between the constructed model and 
the simulated model. In the theory of computer simulation, the process by which the 
model’s credibility is related to the concepts of verification and validation. 
According to (Strachan et al., 2005) it is well known that a long-term complex task is to 
validate dynamic building simulations. Numerous national and international efforts have 
resulted in a well-established validation methodology consisting of analytical, inter-
program correlation and quantitative validity elements, and a large number of tests have 
been developed. As simulation utilisation increases, motivated by initiatives such as the 
European Energy Performance of Buildings Directive, such tests are beginning to be 
integrated into national and international standards, although many program developers 
have carried out many of the tests developed, it just doesn't appear to have been a 
systematic attempt to integrate these tests into the routine operation of the simulation. 
(Yeo et al., 1997) define that perhaps the results obtained from the computer program 
produced are checked by comparing the results of computer simulation with the outcome 
of the scaled model test. Mathematical models display the thermal performance with the 
variations of these parameters and the relation between these parameters for the 
sensitivity analysis of the different design parameters and the control of the water 
temperature. 
(Arbor et al., 2001) found that the method of obtaining reliable results is based on the 
data, algorithms, output and analytical methods. Different device formats have different 
input, output and particularly with material data the problem gets tricky. The number of 
parameters is likely to differ depending on the details of the content, but the kind of 
parameters should be consistent between software. 
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The study conducted by (Tardieu et al., 2011) has a strong understanding with the 
findings of the simulation. The simulation and the actual data collected show that the use 
of phase-change material wallboards increases building thermal inertia. 
(Musau et al., 2019) find out that both programs have strengths and disadvantages to 
compare. U-value calculators in all of them appeared incoherent, but all estimates of 
overall energy usage were more reliable than the Standard Assessment Procedure 
(SAP). The results indicate that all the programs have positive qualities for architects, but 
despite having the lowest estimates of energy usage, the comparison showed that 
ArchiCAD 22 EcoDesigner STAR is likely to have the greatest positive effect for an 
architect because of the familiar setting and limited additional feedback. 
Assessment can be defined as a tool to be implemented on-site to evaluate the condition 
of the buildings, that result in the structural performance throughout the different stages. 
The measurement of structural performance can be done as follows: physical testing, 
engineering analysis, and simulation software. The results are based on the standards or 
national building regulations. 
 
2.7  Conclusion 
Informal settlements might be described as a broad variety where people build their own 
accommodation from temporary and cheap materials. The Municipality services like 
water, toilets, electricity, network, social infrastructures and other essentials are not 
provided and hard to get. The informal settlements are exposed to brutality as well as 
homicide, drought susceptible residences but also chronic unemployment for citizens. 
The housing backlog problem in SA is permanent that all the South African government 
has come across before the apartheid and up to the modern era. 
Non-Conventional Building Technologies (NCBT’s) are an alternative option to fight 
against the climate change by providing a healthy, affordable house to each citizen in the 
community and reducing the poverty around the world. The literature review reveals that, 
the non-conventional building technologies have more advantages than disadvantages 
despite the perception about the quality exposed by some technicians. 
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NCBT’s must have the ability of changing over time, for example, change enhancing as 
well as full replacement in its inhabitants, their needs and aspirations. For any repairs or 
upgrading, the site investigation or condition assessment must be conducted on-site to 
assess the defect of the building, and non-destructive testing is required to minimize the 
destruction of the existing building.   
Structural performance can be applied to define how the structure should be in a position 
to withstand safely against the internal and external loading during its utilization and life 
span with sufficient reserve of strength and stability. The structural performance can be 
measured throughout Analysis; professional judgement and physical simulation. 
Computer simulation helps to bring out the dream to the reality through software 
modelling. The validation of the research is compared to the standard or experimental 
data. 





Chapter 3  METHODOLOGY AND EXPERIMENTAL 
3.1  Introduction 
Non-Conventional Building Technologies (NCBT’s) can be used by the government to 
address the problem of housing backlog and informal settlements in South Africa. 
However, there is no data on long-term structural performance of buildings constructed 
of such technologies. This research project investigates long-term structural performance 
of buildings constructed of non-conventional technologies by assessing structural defects 
of existing buildings and validating the results through computer simulation. 
The outcome of this research is based on on-site investigation and predictive modelling 
through simulation process. The research will assist the public and private sector to 
promote and encourage people to use NCBT’s to build more low-income housing around 
the world.  
This chapter describes the method used for conducting the research, and it covers the 
following area: 
• Research methodology approach 
• Data collection 
• Data analysis 
• Analytical modelling 
• Predictive modelling 
• Conclusions 
 
3.2  Research Methodology Approach  
By simple definition, research methodology approach is defined as the process or 
techniques used to analyse and get information about a specific problem. The research 
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methodology approach as shown in Flowchart 3, was used for this research study 
because till date there is no standards available to conduct a physical test on NCBT’s. 
The long-term structural performance of a structure such as a house can be a challenging 
task. But there are existing methods like performance based structural design (PBSD) 
that were developed based on a finite element model (Liu et al., 2011; Sousa, Bento and 
Figueiras, 2013). This PBSD can be classified as quantitative research.  
Quantitative research relies on the quantification and interpretation of factors to obtain 
information. It entails the use and study of numerical data using various mathematical 
approaches to address questions such as who, how many, when, where and what. It also 
explains how a problem or phenomena is clarified by the numerical processing of data 
(Apuke, 2017). As researchers, many aspire to grow and expand their knowledge, and 
experience of quantitative research design; in order to make better use of diversified 
research paradigms for future investigations (Turner, 2010).  
The research study commenced on the 13 February 2020 and ended on the 13 November 
2020, and the research study has been on-site and at the office. However, 95% of the 











3.3  Data Collection 
The data collected for this study consist of primary and secondary sources. The primary 
and secondary data: Experimentation (test and simulation) and observation (overt, direct, 
recording sheet and field notes). The secondary data are based on peer reviewed papers 
(books, journals, periodicals, abstracts, research reports, conference papers and annual 
reports) and electronic files (CD-ROMs, online databases, internet, videos and broadcast) 
The first stage was to record using the spreadsheet and film all the defects, for instance, 
moisture content, distress, leachate, leakage, cracks and structural failures found on the 
23 Non-Conventional Building Technology (NCBT) products built in 2008. The primary 
data were helpful to identity and classify the defects.  
The procedures used to capture all the defects are as follows:  
• Identify the site where to carry out the visual assessment in the country, 
• Request a permission letter from the CEO of that entity to carry out a visual 
investigation,  
• Conduct first visit to gather more information and meet people by identifying all 
NCBT products built inside the premise for presentation purpose,  
• Design a tool (spreadsheet) as shown in Figure 2 to assess the defects of NCBT 
buildings on-site, 
• Conduct the visual assessment on each existing house with a designed tool 
spreadsheet and camera, on 23 houses. 
In addition, an email was sent on the 14 March 2020 to all manufacturers that built the 
sample houses at the study location requesting the engineering properties of their 
products. Only Ikhaya Futurehouse Systems replied with all the specifications related to 
their products, this is why it was considered for the experimental computer simulation. A 
Structural Insulated Panels (SIPs) was chosen to model in a commercial software. 
Permission was obtained from the NHBRC CEO to carry out the visual assessment. A 
Non-Destructive Test method was chosen for the site investigation. The site is located at 
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the Eric Molobi Hub in Soshanguve, Pretoria. The Centre offers a number of training 
programmes (‘Housing Innovation’, 1997) as shown in the photo 1: Eric Molobi Innovation 
Hub. 
 
Photo 2: Eric Molobi Innovation Hub (eric molobi innovation hub - Google Maps, 2020) 
 




3.4  Data Analysis 
The data analysis approach used are data preparation (editing and coding) and 
descriptive statistics (percentage, range and mean). After collecting the data on-site 
through visual assessment, it was typewritten in the spreadsheet by using Microsoft Excel 
software, organized and analyzed. The data was first evaluated, classified and displayed 
in pie diagram and bar graph. A content analysis was done to find out the most 
deteriorated part of the structure. The second data analysis was done through computer 
simulation by using ABAQUS software and the engineering properties of the structural 
insulated panel were obtained from the manufacturer.  
ABAQUS has a complex description and strong capability to reduce the stiffness cracking, 
which is the foundation of the mechanical fractures. The complex description has 
implemented nonlinear constituent interactions for composite material. since one of the 
key advantages of using ABAQUS is the ability to operate between the Implicit solver, 
usually used for stress / strain, and the highly dynamic Explicit solver for seamless 
dynamic-static co-simulation (Dassault Systemes, 2019).   
The reason for using the computer solution was to avoid damaging the existing house 
and to fulfil the time frame, including the logistic constraints of the research at the end. 
The visual assessment and analytical modelling were combined in order to reach to the 
goal of the research.  
 
3.5  Analytical Modelling 
Over the last three decades, computers have enabled many practical science and 
engineering problems to be solved through realistic mathematical models and numerical 
methods (Reddy, 2015). This includes computer modelling and analysis, simulation, 
electronic / digitized laboratory papers, raw and fitted data sets, manuscript and draft 
versions, preprints, and print / electronic publications (Estes et al., 2002). Analytical 
modelling is done throughout computer software. 
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The Analytical modelling approach was applied through visual models (flowcharts, 
diagrams and pictures) and computer model (mathematical, programming and 
simulation). Performance-Based Design (PBD) approach was implemented to conduct 
the laboratory experimentation, the analytical modelling phase was to anticipate the long-
term performance structural behaviour using the features available in the commercial 
software. ABAQUS develops the stresses, displacements and time depending.   
One panel was chosen to be modelled and analysed due to logistical constraint. 
Furthermore, the accuracy of the results depends on the finite element analysis that 
generates a lot of nodes through predictive modelling process. This is the reason why it 
was not possible to model the whole house; the operation needs a strong computer with 
high specifications.   
 
3.6  Predictive Modelling 
Predictive modelling is a method of computer modelling, whereby performance of a 
system is predicted for the physical or real-world system's action or outcome (Wikipedia, 
2020). Predictive modelling of structural behaviour has become part of design process. 
Predictive modelling approaches are based on classification (decision trees and neural 
networks) and regression analysis (time series, linear regression and ride regression). 
A predictive modelling was applied to determine long-term structural performance of the 
Structural Insulated Panels (SIPs). This contributed to our understanding of how the SIPs 
work and will be essential for designing, evaluating, and operating the products and 
systems effectively and efficiently. Predictive modelling provides vital knowledge for 
decisions and behaviour in many business and government spheres. The durability of 





3.7  Conclusion 
This research study used a quantitative research approach. A spreadsheet was designed 
by the researcher to collect the data and take pictures from the sample house. Permission 
was obtained from NHBRC. Consent was obtained from the owners of the properties. 
Anonymity, self-determination and confidentiality were ensured during a visual site 
investigation. One sample named Structural Insulated Panels (SIPs) from Ikhaya 
Futurehouse Systems was chosen to model and analyse the long-term structural 






















Chapter 4   ANALYSIS AND FINDINGS 
 
4.1  Introduction 
Non-conventional building technologies (NCBT’s) can be used by the government to 
address the problem of housing backlog and informal settlements in South Africa. 
However, there is no data on long-term structural performance of buildings constructed 
of such technologies. This research project investigates long-term structural performance 
of buildings constructed of non-conventional technologies by assessing structural defects 
of existing buildings and validating the results through computer simulation. 
This section is the analysis and findings, and it covers the analytical modeling, data 
analysis and findings on long-term structural performance of building constructing of 
NCBT’s. 
 
4.2  Analytical Modelling 
4.2.1  Visual Models 
Visual models describe the site investigation briefly as an operation in order to carry out 
the building condition evaluation in advance of work on repairs and improvements. 
The defects found during the site investigation are as follows: peeling paint, discoloration 
due to dampness, decay of the wood, cracking, attack by termites, defective tiles, leakage 




Photo 3: Roofing tile defect. 
 
Photo 4: Ponding defect. 
 




Photo 6: Sagging defect. 
 
Photo 7: Leakage defect. 
 




Photo 9: cracks defect. 
 
Photo 10: Foam defect. 
 




Photo 12: Distortion defect 
 
Photo 13: Dampness defect. 
 




Photo 15: Surface abrasion defect. 
Photo 16: Wide cracks defect. 
Photo 17: Surface spalling. 
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Photo 18: Efflorescence defect. 
Photo 19: Anchorage defect. 
 
4.2.2  Computer Model 
In ABAQUS the Expanded Polystyrene (EPS) panel is modeled as defined in Flowchart 
4. It consists of identifying the different components of the model separately, each 
consistent with the other in order to provide a full analysis, the modelling itself is an 
iterative process in that it takes many analysis and iterations to effectively simulate a 
given set of characteristics (STEPHEN, 2006). ABAQUS is a powerful simulation 




Flowchart 4: shows how the simulation can be done through the family of Abaqus 
(Massachusetts Institute of Technology, 2017). 
 
4.3  Data Analysis 














4.3.1  Part 
The photo 20 represents the as-built SIPs to be modeled, Photo 21 shows the model in 
ABAQUS and is formed by 3 component layers as follows: 80mm of EPS, 40mm sprayed 
structural plaster applied in layers and 100mm x 100mm x 3.5mm diameter galvanized 
weld mesh to both side of EPS core linked together including 12mm plaster layer. 
 





Photo 21: Model Part in Abaqus (EPS, Concrete plaster, Finish layer and Wire mesh). 
    
4.3.2  Material Properties 
The engineer designs the component in almost every instance for success within a given 
range of properties (Olsen, 2016). Mechanical and physical properties are a key 
determinant to which alloy is deemed suitable for a given application when several alloys 
meet the conditions of operation. A description of specific physical and mechanical 
properties used in this research are as follows: density, modulus of elasticity, yield stress 























EPS 16 2400 - 0,1 U= 0,5 | V= 2,2 - 
Concrete 2400 22800 - 0,2 - 0 
Wire 
Mesh 





4.3.2.1  Density 
The density formula is d = M / V, in which d is density, M is mass, and V is volume. Density 
is usually measured in grams per cubic centimeter or kg/m3 (Gregersen, 2020). 
 
4.3.2.2  Modulus of Elasticity 
This can be defined as the slope of the stress to strain relationship. It can also be defined 
as the variation of stress in relation to the elastic strain and can be calculated by the 
following relation (Sharddhu, 2020). Modulus of elasticity = unit stress/unit strain 
In reinforced concrete theory, concrete is believed to be elastic, isotropic, and 
homogeneous, and obeys Hooke's law. Usually none of these theories are purely true 
and concrete is not completely elastic. By defining elasticity, strain appears when stress 
or force is applied, and disappears when stress is removed. If the cure for stress is straight 





Graph 1(a) & (b): Stress – Strain 
Response (Sharddhu, 2020). 
 
On the other hand, if the curve is as shown in Graph 2(b) The material then isn't fully 
elastic. It deforms on load application in the case of concrete, but this deformation does 
not obey any defined law. The concrete deformation depends on the magnitude of the 
load, the rate at which the load is applied and the time elapsed after the observations are 
recorded. Therefore, the concrete deformation activity is very complex (Sharddhu, 2020). 
The mean values of the static elasticity modulus for concrete with normal density are 
derived from the following equation (SABS, 1983): 
𝐸𝑐,28 =  𝐾𝑜 + 0,2𝑓𝑐𝑢,28  Equation 1 (SABS, 1983).  
Where 
Ec,28 is the static modulus of elasticity at 28 d; 
fcu,28 is the characteristic cube strength, in MPa; and 
Ko is a constant closely related to the modulus of elasticity of the aggregate (taken as 20 
kN/mm2 for normal-density concrete). 






4.3.2.3  Yield Stress 
To manage yield stress-related problems, engineers and scientists rely on a variety of 
formulas that deal with the materials mechanical behaviour. Ultimate stress, whether it is 
tension, compression, shearing or bending, is the maximum amount of stress that a 
material can withstand. Yield stress is the stress value at which deformation occurs in 
plastics (McKenzie, 2018). 
 
4.3.2.4  Poisson’s Ratio 
In infinitesimal deformation of the idealized strictly elastic material, the ratio of Poisson is 
a material constant, defined as the negative ratio between the normal deformation of the 
loading axis and the imposed axial strain (Pandini et al., 2011). 
 
4.3.2.5  Thermal Conductivity 
It is the measure of a material's ability to transmit heat. The thermal conductivity is the 
heat energy transmitted per unit time per unit surface area, divided by the difference in 
temperature, given two surfaces on each side of the material with a temperature 
difference between the two. They are measured in watts per Kelvin degree (The American 
Heritage® Science Dictionary, 2011). 
Transfer of energy through conduction can occur in solids, liquids, and gases. Conduction 
can be thought of as the transfer of energy from a substance's more energetic particles 
to adjacent particles which are less energetic due to particle interactions. The timing of 
energy transfer through conduction is quantified by Fourier's law macroscopically. 
Consider Figure 3, as an elementary application. 9 Showing an L-thick plane wall at a 
steady state (Moran et al., 2006). 
Where T(x) temperatures differ linearly from position x. According to Fourier's law, the 
heat transfer rate is proportional to the wall area, A, and the temperature gradient in the 
x direction, dT / dx (Moran et al., 2006). 
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𝑄𝑥 = −𝑘𝐴 
𝑑𝑇
𝑑𝑥
         Equation 2. Fourier’s law (Moran et al., 2006). 
Where a property is called thermal conductivity where the constant of proportionality. The 
minus sign is a result of energy transfer towards decreasing temperature.
 
Figure 3: Illustration of Fourier’s conduction law (Moran et al., 2006). 
 
4.3.2.6  Creep 
Creep, this is a long-term process and if the stresses change rapidly, for example because 
the cross-section of the element is small enough to allow its temperature change or 
shrinkage in a fairly short period, it has a marginal impact on stress reduction (SABS, 
1983). 




∅   Equation 3. creep strain in concrete (SABS, 1983) 
where 
E(t) is the modulus of elasticity of concrete at age of loading t; and 
Φ is the creep factor obtainable from the effects of Graph.2 relative humidity, concrete 






Graph 2: Effects of relative humidity, concrete age at loading and section thickness on 
factor of creep (SABS, 1983). 
 
4.3.2.7  System of Units 
Abaqus does not have Units, the project uses the consistence unit as follows: 
a) Length: (mm) 
b) Force: (N) 
c) Mass: (kg) 
d) Time: (s) 
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e) Stress: MPa (N/mm2) 
f) Density: (kg/m3) 
g) Energy: mj(10-3j) 
 
4.3.3  Assembly 
A description of a component instance has to exist within the concept of an assembly. If 
the part instance is not imported from a previous analysis, it must have a unique name 
for each part instance and refer to a part name. An assembly name for a component 
instance is not permitted. The data should may also define which is used to place the 
instance within the assembly as shown in Photo 22. By giving the component instance a 
translation and rotation with respect to the origin of the (global) coordinate assembly 
system (Assembly definition, 2020). One panel was analysed instead of an assembly 
because the operation needs a strong computer with high specifications to generate more 
nodes.   
  




4.3.4  Step 
The step manager also indicates for each phase in the analysis as shown in Photo 23 
whether Abaqus can account for nonlinear effects from large displacements and 
deformations. If during a step the displacements in a model due to charging are relatively 
small, the effects may be small enough to be ignored. However, in cases where large 
displacements result from the loads on a model, nonlinear geometric effects can become 
important (Linear and nonlinear procedures, 2020). 
 




4.3.5  Interaction 
Interactions are step-dependent artifacts as seen in Photo 24, which means when it is 
possible to describe them, it must imply the steps in which they are involved in the 
analysis. For example, engineers can only define the conditions of film and radiation on 
a surface during a heat transfer, coupled temperature displacement, or coupled thermal-
electrical step. In the same way, it can define a user-defined actuator / sensor interaction 
only during the initial step (Understanding the role of the Interaction module, 2020). 
 




4.3.6  Load 
Prescribed conditions in Abaqus / CAE are step-dependent objects, meaning that the 
engineer must specify the steps of the analysis they are active in. The load, boundary 
condition as shown in Photo 25, and predefined field managers can be used by the 
engineer to view and manipulate the prescribed conditions progressively as shown in 
Photo 26. Engineer can also use the Step list in the context bar to specify the steps by 
default in which new loads, boundary conditions and predefined fields become active 
(Understanding the role of the Load module, 2020).  
The critical load of 2,141 N/mm2 is assumed for this research. 
 
Photo 25: Loading. 
 
4.3.7  Mesh 
The Mesh module includes tools that allow engineers to generate mesh on parts as shown 
in Photo 26, and assemblies that are created within Abaqus / CAE. The Mesh module 




Photo 26: Assemblies created mesh. 
 
4.3.8  Optimization 
It takes several design cycles to complete an optimization as seen in Photo 27, and the 
time taken to achieve an optimized solution can be important. Consequently, you need to 
configure your Abaqus model to minimize computational time; for example, by removing 




Photo 27: Optimization. 
 
4.3.9  Visualization 
The visualization module as shown in Photo 28 is used to read the output database 
generated during the analysis by ABAQUS / CAE, and to view the analytical results. 
ABAQUS / CAE names the Deform.odb output database (Viewing the results of your 




Photo 28: Visualisation. 
 
4.3.10  Sketch 
Sketches are two-dimensional profiles used to help form the geometry that defines a 
native part of the ABAQUS / CAE. Use the Sketch module to create a sketch that defines 
a planar part, beam, or partition, or create a sketch that could be extruded, swept, or 
turned into a three-dimensional part. This chapter describes how to make, change and 
manage sketches using the tools within the Sketch module (The Sketch module, 2020). 
 
4.4  Findings 
Structural Insulated Panels (SIPs) are rapidly growing in the building industry market; 
however, the consumers, investors and real estate developers still have doubts about the 
long-term structural performance of SIPs. Despite being very strong, the structural 
analysis behaviour and long-term structural performance as a stress and displacement of 
SIPs, need to be assessed through simulation. 
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The findings are based on the site investigation and the computer simulation as follows: 
• Site Investigation 
This can be confirmed with a strong likelihood that cracks are the most prominent defects 
as shown in the Table 1 and Graph 1. Further analysis and evaluation reveal the 
distribution of house defects which as shown in Diagram 1. It is clear that after 10 years, 
the house needs a routine maintenance to achieve the long-term structural performance. 
Table 2: Recording defects on the 23/03/2020 
 
 
The structural defects observed are summarized on the table 1, defects chart and 
diagram 1 have a negative impact in the long-term on the structural performance, which 
compromise the structural integrity system of the houses, and the root caused are due 
sometimes by faulty workmanship, aging, design, material and engineering properties of 
the soil. Those factors can affect in the short and long-term the structural performance of 




Graph 3: Defects 
 




• Computer Simulation 
The stress linearization and the displacement vs time are analysed to get the final results 
of this research study.  
 
4.4.1  Stress Linearization 
All stresses working on a cube that is infinitely small, for example. ∆ = x y ∆ = ∆ → z 0 
The first subscription of normal stress or shear stress blends stress with the stress plane, 
for example. the subscription sets the direction of normal stress to the plane and the 
second subscript defines stress as direction (Jindal, 2013). 
Ꞇxx= normal stress on yz plane in x-direction 
Ꞇxy= shear stress on yz plane in y-direction 
Ꞇxz= shear stress on yz plane in z-direction. 
Similarly, the stresses on xz and xy planes are identified as shown in Figure 10. Stress 





    
Stress tensor is symmetric, for example. 𝜏𝑖𝑗 = 𝜏𝑗𝑖, complementary shear stresses are 
𝜏𝑥𝑦 𝑎𝑛𝑑 𝜏𝑦𝑥, 𝜏𝑦𝑧 𝑎𝑛𝑑 𝜏𝑧𝑦, 𝜏𝑧𝑥 𝑎𝑛𝑑 𝜏𝑥𝑧. 
Complementary shear stresses meet at diametrically opposite corners of the element in 
order to satisfy the conditions of balance (Jindal, 2013). 
Stress invariants. 
I1=σxx + σyy + σzz 
I2=σxxσyy + σxxσzz + σyyσzz – ƻ2xy - ƻ2yz - ƻ2zx 




Figure 4: stresses an element of a cube (Jindal, 2013). 
 
4.4.2   Displacement 
All components of displacement are typically called u, v and w. They include one another's 
life, u [...] (u, v, w) differ in space. As in the case of heat transfer (covered later), but only 
as an intermediate quantity, the gradients of those parts are important. The gradients of 
displacement are units of [m / m] or are known as dimensionless. In stress analysis, the 
different components of the displacement gradients are joined into alternative types called 
strains, in contrast to the heat transfer case in which the gradient is used directly (Akin, 
2010). Such strains have geometrical representations outlined in 1D and 2D geometry in 
Figure 5. 
The strain is just the ratio of length change over the original length, εx = ∂u / ∂x. In 1D the 
strain is natural. There are standard strains and shear strains in 2D and 3D. Only part of 
the gradients parallel to the displacement portion is protected by normal stresses. In 2D 
they are εx = ∂u / ∂x and εy = ∂v / ∂y. As can be shown in Figure 5 (b), the volume of 
rectangular differential element will change, but not its shape (Akin, 2010). 
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The form is modified by a shear strain. As the engineering concept of shear strain, the 
total angle shift (from 90 degrees) is used. The shear strains contain a mixture of the 
gradient components perpendicular to the factor of displacement. The engineering strain 
of shear in 2D is γ = (∂u / ∂y + ∂v / ∂x), as shown in Figure 5 (c). Strain consists of one 
1D component, three 2D components and six 3D components. In the finite element 
analyses, ε = (εx εy γ)T 2D strains are usually written as a column vector (Akin, 2010). 
 
 
Figure 5: Geometry of normal strain (a) 1D, (b) 2D, and (c) 2D shear strain (Akin, 2010). 
 
4.4.3  Results 
ABAQUS has a complex description and strong capability to reduce the stiffness cracking, 
which is the foundation of the mechanical fractures.  
The results are based on the stress and displacement of the SIPs component as follows: 
• Plaster layer 12mm 
• Concrete layer 40mm 
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• EPS layer 80mm 
• Wire mesh 100mm x 100mm x 3.5Ømm 
The results can be seen in Photo 29 to 39 and Graph 4 to 14 
 
Photo 29: Stress – Plaster layer 12mm. 
 
Graph 4: Stress Vs Time, plaster layer 12 mm 
The graph 4 shows that there is no gap regarding the stress between a solid structure 
and the plaster layer 12mm component. This means the behaviour of the plaster layer 




Photo 30: Stress – Concrete layer 40mm. 
 
Graph 5: Stress Vs Time, concrete layer 40mm 
69 
 
Here the behaviour parameters look different from the solid element and its component. 
At the early age of the panel, the behaviour parameters look the same but changes with 
time as shown on the graph 5. 
 
Photo 31: Stress – EPS layer 80mm. 
 
Graph 6: Stress Vs Time, EPS layer 80mm 





Photo 32: Stress – Wire mesh 100mm x 100mm x 3.5mm. 
 
 
Graph 7: Stress Vs Time: Wire mesh 100mm x 100mm x Ø3.5mm. 
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The wire mesh is steady in the long-term as shown in the graph 7 above. 
 
Photo 33: Displacement – Plaster layer 12mm. 
 
 
Graph 8: Displacement Vs Time, plaster layer 12mm. 
The graph 8 shows that the displacement between the solid element and its component 
increases at the early stage. The component gives less displacement compared to the 





Photo 34: Displacement – Concrete layer 40mm. 
 
 
Graph 9: Displacement Vs Time, concrete layer 40mm. 
Here the displacement of the component is relatively higher than the solid element as 




Photo 35: Displacement – EPS layer 80mm. 
 
Graph 10: Displacement Vs Time, EPS layer 80mm. 
The graph 10 shows that the displacement of the solid element is higher than the 




Photo 36: Displacement – Wire mesh. 
 
Graph 11: Displacement Vs Time, wire mesh. 




Graph 12: Stress Vs Strain – Plaster layer 12mm 
 
 




Graph 14: Stress Vs Strain – EPS 80mm 
 
4.4.4  Validation of the Results 
The photo 38 to 40 show the variation of the different stresses. 
Photo 37: Bending stresses 
77 
 
Photo 38: Compression stresses 
 
 




The Table 3 below compares the different results between future  house wall panels as 
shown in Figure 6 and Abaqus software. 
Table 3: Validation of the results 
Designation Futurehouse (N/mm2) Abaqus Software (N/mm2) 
Bending shear 2.16 2.41 (Photo 30) 
Compression shear 1.94 2.055 (Photo 39) 
Shear 0.18 0.04 (Photo 40) 
 
 
Figure 6: Load Capacity as a Wall 
The engineering properties of the panel-02 is used for this research as shown in the 
Figure 6. The site investigation on the specific product show a lack of the defects after 12 
years of service life as shown in the Table 1.  
This concludes that the long-term structural performance of the structural insulated panels 
is satisfactory according to the results from the computer simulation.     
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Chapter 5  CONCLUSIONS AND RECOMMENDATIONS 
Non-Conventional Building Technologies (NCBT’s) can be used by the government to 
address the problem of the housing backlog and informal settlements in South Africa. 
However, there is no data on long-term structural performance of buildings constructed 
of such technologies. This research project investigates long-term structural performance 
of buildings constructed of non-conventional technologies by assessing structural defects 
of existing buildings and validating the results through computer simulation. 
Structural Insulated Panels (SIPs) are solid, prefabricated, very isolated and high-
performance construction materials, used for the production of panels, wall panels and 
roof panels. SIPs are a high-performance building. They are built to match closely when 
assembled. The panels are placed together to create a home or a building for SIPs. SIPs 
have been used successfully around the world for over 40 years as a solid, cost-effective 
and environmentally friendly solution (SIPs Industries, 2020). This research study 
assessed the long-term structural performance of SIPs based on stress and displacement 
analysis parameters. 
 
5.1  Conclusions 
Based on the site investigation and simulation findings, ABAQUS software was used to 
model and generate the panel with the finite element analysis and the following 
conclusions may be drawn: 
• The investigated Ikhaya house built in 2008 showed minor deterioration e.g. 
sagging, leakage and spalling after 12 years, with the house needing routine 
maintenance to achieve the long-term structural performance. However, the 
findings on the finite element analysis do not show any failure after 10 years. 
• Cracks are considered as the most prominent deterioration factor on SIPs  
• This study concludes that the long-term structural performance of the structural 
insulated panels is satisfactory as shown in Table 3 compared to existing house 
on-site that, shows no failure and there is no variation of stress over time, and the 
behaviour of the building element is linear and elastic. 
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• The long-term structural performance of SIPs is crucial during its life span, and the 
simulation of the panel in ABAQUS shows that the stress and displacement factors 
increase with time. 
• The outcomes obtained from the finite element analysis are comparable to reality, 
whilst the behaviour of SIPs is linear and elastic as shown on graph 12 to 14. 
• The increasing of stress and displacement differs, for instance, there is no such 
difference between the solid element and its component regarding the stress 
parameters, however, the displacement parameters change between the solid 
element and its part. 
• The long-term structural performance of the wire mesh is steady as shown in graph 
7 and 11 
 
5.2  Future Research 
The housing crisis is becoming a daily concern, and the whole population is affected by 
it. Alternative Building Technologies or Green Building Technologies can be used as an 
option to challenge the housing backlog. However, this can be done only if future research 
is developed to gather more information related to the structural insulated panels as 
follows: 
• Developing the life cycle management for the Alternative Building Technologies 
• Understanding the crack growth on the structural insulated panel 
• Developing non-destructive testing to assess the physical material properties on-
site 
• Improving the product that is exposed to the environmental moisture conditions  
• Long-term defection can be explored in the laboratory in accordance with different 
types of loading 
• Studying the structural long-term performance of the Structural Insulated Panel in 
the laboratory by undergoing a physical testing 
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